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Abstract 
In a practical scenario, sensors are used for health monitoring, condition monitoring of systems, weather, etc. but it is 
highly probable that the sensor itself degrades. This degradation in the sensors causes erroneous true negative results. 
Therefore, to improve the reliability and eliminate incorrect data, it is important to gauge the health of sensor and 
periodically determine its’ degradation level to change it within stipulated time. This paper introduces an efficient 
method to estimate the level of sensor degradation using its fitness function, which will indicate the level of fitness of 
the sensor to be used and estimate the future values from the fitness function. H filter based estimation theory is used 
to predict the future values of the fitness function of the sensors. Thus, to maintain the desired value and right turnout, 
an Automatic Gain Controller circuit is explained which helps us suggest to put back the degraded sensor. The results 
are presented along with the estimated fitness function. 
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1. Introduction 
The ever-growing use of sensors in day-to-day technology such as temperature sensing, pressure sensing, health 
monitoring and data logging etc. favors the signal processing algorithms to accumulate the data accurately in order to 
have perfect and non-ambiguous result. Sensor data usually contains noise. The erroneous data is a result due to noise 
created by ecological conditions, sensor data accusation system or can be a result of sensor degradation. 
Sensor degradation hinders the complete output and conditioning of the system. It is important to measure the 
degree of degradation of sensors and estimate till what time the sensors can be practiced and then demands to be 
replaced for proper functioning. 
For example, in solar plant, nuclear plant and toxic gas plant, it is necessary to monitor the health of the system for 
safety purposes. Therefore, in these plants, sensor degradation needs to be estimated perfectly and precisely. For these 
types of plants, the on-field data collection is difficult, hence a decentralized hardware platform is needed to install to 
compute the health of the sensors locally and then transmit the data to the mother node for estimated future failure of 
certain sensor index. A cluster of sensors can use on-board peripheral computation box where the sensor health 
estimation can be computed, hence low complexity robust algorithm need to be implemented for correct estimation 
without true negative. 
      In literature, sensor degradation has a rich impact with a lot of study has been practiced in front. Salahsoor et.al. 
[1] have utilized  multi sensor fusion network framework along with the extended Kalman filter for centralised and 
decentralised sensor fault monitoring. Sensor degradation in liner systems is proposed by Jiang et.al. [2] where sensor 
performance based on identification and tracing of time-constants and identification process based on ARMAX model 
is explained. Huaa et.al. [3] have explained about the multi-sensor degradation modelling where Brownian motion 
based degradation modelling and physics based degradation modelling with randomness is formulated with the 
respective reliability functions. Sensor degradation using K-means clustering and support vector regression process 
for Nuclear power plant is explained by Seo et.al. [4]. Liu et.al. [5] have estimated the remaining lifetime of system 
from sensor signals. Among all these model based methods, the sensors model can be different from its application as 
its cause of degradation will be different in the environment except from the paper explained in [2]. The motivation 
of this paper is to propose a general signal processing based low complexity algorithm which can be implemented on-
board small microcontroller and deploy in the field where the stand-alone board can take care of a cluster of sensors 
and estimates its level of degradation. 
     In this paper, a fitness function based algorithm is proposed which can indicate the level of degradation of sensors 
as well as rate of degradation also can be computed. An automatic gain controller circuit using H filter to keep the 
expected value to a certain extent. The paper is organised as follows: in section 2, the formulation of the fitness 
function is explained. H filter is explained on the next section and in section 4, automated gain control circuit for 
keeping the output intact is described. As an ongoing work, the expected result is explained in the result section. 
Section 6 will conclude the future work followed by reference in section 7. 
 
Nomenclature 
k  index of sensors  
f
tx (k)  fair, non-degraded signal observed by sensor 
d
tx (k)  degraded signal observed by sensor 
f
txˆ  estimated signal from fair, non-degraded data  
d
txˆ  estimated signal from degraded data 
tf (k)  calculated fitness function from real data  
tfˆ (k)  estimated fitness function from observed fitness vales 
tF , tH   system parameters  
tw , tv  noise parameters  
1J  cost function  
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2. Proposed methodology 
Figure 1, shown below, explains the proposed algorithm. The signal sensed by the sensor is denoted as tx (k) , where 
k is the index of sensor. Now it is assumed that for time stamp 0:t1, the sensor will be perfect with no degradation in 
sensor. The fair, non-degraded signal is indexed by ftx (k) where t ࣅ (0, t1). Next for time t1 to t2, the sensor started 
degrading gradually. We denote the degraded signal as dtx (k) where time t will vary on predefined sampling time. For 
next sampling time t ࣅ (t1, t2), the degraded signal is given by as 1 2dt tx (k) and the estimated values from the fair signal 
can be denoted by as 1 2
f
t txˆ (k) which is computed by the fair value using the series equations of H filter [6]-[11], 
 
 
 
                        
                       
                                                                                                                                       
 
 
 
Where the system equations are given by 
 
 
                              
                                                                                                                     
 
 
Where tw (k) and tv (k) are noise term for kth sensor and our goal is to estimate tz (k) .  
 
    
 The detailed explanation of the H filter based is explained in the section 3. So the fitness function now can be defined 
as
1 2t t
f (k) and given by 
 
 
 
                         
                                                                                                        
 
 
The rate of degradation can be plotted from above fitness equations. Eventually, this fitness function indicates the 
different degradation rate and can be used to estimate the estimated fitness function using the equation (1) with same 
H filter. Estimated tfˆ (k) function can be used to calculate estimated result from 
f
txˆ (k)  value for certain time t and for 
kth sensor using equation as shown below: 
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Fig 1. Proposed methodology for calculating fitness function. 
 
        
3. Hfilter as estimator 
H filter is a universal and efficient tool to estimate the states of a system [6]-[11]. Kalman filter is yet another efficient 
tool for estimation in the state of the art but H filter has certain advantage. The sensor data used here may be poised 
with non-Gaussian noise with non-zero mean. The Kalman filter is unable to process the non-Gaussian noise and 
proper system model is required every time. H filter has got rid of this assumption and robust in that sense. 
 
Suppose the standard linear discrete-time system is given by [6], 
 
                               t 1 t t tx F x w   ;         t t t ty H x v                                                                                     (5) 
Where tw  and tv  are noise terms.  
 
Noise terms are possibly unknown statistics, or they can be deterministic. The aim is to estimate a linear 
combination of the state i.e. to estimate tz , which is given by   
  
                                       t t tz L x       
 Where tL is a user-defined matrix and it is full rank generally. 
 
The estimation of tz  is denoted by tzˆ  and the estimation at time 0 is denoted by 0txˆ . Now, tz  needs to be 
estimated based on measurements up to and including the time (N-1). In the game theory approach, a cost function is 
defined as 
 
(6) 
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The goal is to estimate tzˆ  that minimizes 1J . Nature’s goal as adversary is to find disturbances tw and tv , and initial 
state 0tx , to maximize 1J . The results of this game theoretic problem depicted in equation (1). 
 
 
4. Automatic gain control circuit using H filter 
Automatic gain controller (AGC) circuit [12] automatically adjust the desired value if the observed value is not up to 
the desired one. While the sensor is degrading, AGC circuit can supply the desired value to it till it goes to pure fault 
position. In this way, the whole system does not get affected by single sensor or the number of sensors degradation 
and depending on the fitness value, required time is available to change the faulty sensor without any degradation on 
the output side. Since, the H filter is calculating the estimated value, so the gain circuit and the estimated value is 
used to find the discrimination of the sensor values and those can be automatically regained using the controller circuit. 
One possible AGC circuit is shown in the figure below where H filter is used for estimating the gain and value 
estimation of the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Automatic gain control circuit with H filter gain estimation 
 
 
5. Result 
The result is shown below in two parts. In part (a), the observed data ftx is shown and from this data ftxˆ  is estimated 
using H filter and plotted as shown. After time 1t , the degradation starts. So, the sensor has started measuring 
d
tx
data in between time 1t  and 2t , shown as 1
d
tx  and after 2t , it will be 2
d
tx as shown in graph. The estimates from 1
d
tx  
is shown as 1
d
txˆ . It will continue for N amount of time. Graph (b) shows the fitness functions points to be plotted and 
the estimated fitness function is calculated from that data.  
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     Fig 3. (a) Observed and estimated data plot of fine and 
degraded sensors. 
          Fig 3. (b) Observed fitness data plotted and estimated fitness 
data from observed data. 
 
6. Conclusion and Discussion 
This paper address’s sensor degradation level monitoring technique using H filter as an estimator. Fitness function 
of the sensors has been calculated using the estimated value assuming the initial certain times, sensor will be in 
efficient condition and can be used as standard. Those standard values are brought in use for future estimation and to 
find out the fitness values of a sensor in different times as the degree of degradation will be different for a sensor. 
From the fitness values in different times, estimated fitness values can be computed which in turn helps to determine 
the expected degraded values.  The expected degraded value decides if the sensor is required to be replaced or not. An 
automatic gain controller circuit is depicted to deliver the desired value automatically using H filter estimation. The 
result is shown with single sensor data. However, the system can be implemented with multiple sensor data and data 
fusion algorithm for multi-sensor degradation system is achieved using fitness function.  
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